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Ji>t -Qc~ J L vWc/l-£_ ^T^U>I^bjU' 
-<£_ intersection * 6 Ct 

-Cifjtir £_* <£ jt M tX> T 

IT 90° -ctf L-fc~ {y\s"\ cs\f>/ 

ijj/ijQl. tj U- uc* 

6 m°x> <jV 

£.5?" 

~Lj' T /jb4^u£90 o wJ>uy» 
45' V (2- J^) 
Zl4 5 0 -J i jy* jt f L-J ' m£\ 

-(3 -Jf* 

ij?t£'<LL LX *>\j i 60° J 
*• •* ♦ 

<-j\SzL£j\ -»xl Jto^u^ 

LL xj’jjvj'i is i/J’j'ifijijtf'LL 
(4 -J^) CrjT ^ J* 

Jy^y.U w< 
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{ 30° 

♦♦ — ** 
y.U tf/ L/<£90°ift/ il)l -<Jt£x 

60°fa Utjy* 

L 30°( i - J 0 )* o^j. u« 

IT 15°//^ ji 

( 2~J*)x2£lk 

\J U”<U If U^ijZ L- j>*£- ot^j c** 

-iJstj&j j&j. tS% {/‘ 't/ti 
±»u£lQ5°fc-x&k±»\jj>S[ff / 
Zl75° 15°>i<90°^LZl 

^JtifW,L/<LiiUs?jb -(3-J^) 
** “ 

( 6'> Lw a)J*V & jp 

-(6 vj( 5- )t£-» JU> (Rhombus) 

Sjl T/' j* & Jft j# L jC\ o& 

M-J 0 ) 





0^16, 8,4, 

J^l> 3 fc jf*\jZ Jr^U ^L /($ ^ 

t If 

tACs/* i&yUbf -jf fe-s/§*f 
-*- if \SiP\$Ub£tji ^>* l /if 

■jTi -UiJij^^jfiJ f &ffyijii-(^ij^ 

Aj,/uA>£*t A-JP)»tet*(t 
? l}* &*/?//){ jt JPiS 



-(i-jpyfrbiifyCMjtii&c- 

}jy*jl 0£)\L‘.U jiL 6Q°/jtf'{j/ i i')t r >l 

-(4- J^) 

✓ ' b •• 

** t ? 

ojr4/*£'i$jjg£j' \s£~/$}f _(6 

** T V 

J^±lj(8 -J*)W»ptfuZLf 

-(9 - (J^* )lf ; JUj-jy^iZl Jif^. 



(6 

< 1 — ^ — (-> \Jxfj\r -(2-JP))J)'jZ{Jj?j\r 

V V 

iO^ - ( 4-(J^ ))}**/ £*& 1— b Ux'J' T 
»>l?l UTl dk^- 5 U^- l 
360 °SLJ-)( -(5-J^)&jJUj£/IP’I 

-x£i? 


j£ti\J Zr*v£- 

jfbtfjl j^ydC^y 

kyt^Jc' ~<L-j£ ijtu ^. Jjll J/ 

Suijt L-\r Js( U^l tfjf {> / 

^ifi/tiu> £ ti* ft- 4-A^ ' 
-<c- ty 1 80°>i? I {u&VU&ti- 

iL. <L.Uj jZ 9 Jii 7,8 J^/i, J£iU o£t£- 
^^/>)*J^L r bj\J*t iJi*c~ 2L J* 

-(9-JP)£rf\(? t ' krjCl^i. J\s 

J$yt 1 S0°Li)/Ipj U&isiykzL-j j^Lijl 





CiPdiifjir 

CL- ( 1 )V> I-Xl 

f jutfiji)) _(2- ijf* ))jy* 

i>Q^ j'i/tijy jcjj:i<£ c H 
bt£-s>\ -(3 

f j)f \J\ _ (4 -(J^ - ) ijr* U>j f 

JUj 1- ivf (jf 8 ^ / <L./ 

Jp) -(5-J^) 

SO~^lC \ b£-S)b>\ (6- 

jj^Uyf ii -jjr* /" L id 

i-WVi -(9-J^)yyCCv ,(8-J^) 

-(11 -J* 5 ) 

ijjtpsi a jv ^> 1/1 

tsl&diiJJir'U'l -^ijftilltrf&J’Jju!: 

1 a* u Jvy ^jTi 1/ 
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(Self-locking cube) 

• ♦ ** * V 

Jibf% XXd\f'‘>X~fj$ e N\fjlir'/ li 
ki/UVjr^jA) XxdXXXsJijS 
ti'U-XZ 0> J jfUZ&tz- i/vj.Vw'-* I riS fj 
tfjir'sdi jbrjhUf&Jz€j:\ 
-aKflaps)^ AJM2 

-U^rtUs~*24 

-Aft 

dJf^X ~)J'tj)/'£^tj\^^\l^j\p‘)) 

X *ic£XoP»L 1 ^/UL>lM (Jjlr\^_ 

I/I _« U>jf U j^ cT &U*l)ltJJif A uj>jj 
if i 

tic (j"0<z- v l*> 

<£ c£i? ^-U“^ j£ tT 

jijilff w^Cic _(5-J^) 

*£ - fc£. ijftfi )/jt jsX^j 

C-J* 

Xc^J X <L.J itsX' y^X ^ tf'jtti' Xf* 

(dice)*! I 
¥ 




d* -^- Oif** d' j> ^ d*£ c uj £— yt 

-£u&ui?& 6 dw£uCk 

14b^y \f 

tf vOy/W uTi -\j}L.yt±.j% 
M-J* )>fjb 9/5*^ 
V&J'c^bs. {Jj> l>0^ 

$/jjiC^ -j£u*CCu/£}^s*js££ v ,I 
\/^)^^9 -$di bfazji^jj: 
-(2 -J^ )^CiJlz^by.d^)^Jj^4lf, /* 

cross-section) d ^ *$ 1 

e-tiJc^hs. dhfA Jg^~ v *"' ^^d^ 

^< d££- d i^l/j~ 1 foif u 

<=- *T^ <df<£l (jl/>l 

^(4-J^)<i_i,x i!/, »jlJ 

> Cjy4 -£%)£ \f))J) 1 {/ )ii^C\^ ibiiC. 

? ^OJl^bjid j>» j lj i^'l'd/' 







u> j i— Jo 

(Jy^ (7*2 1 /" j/ib; 
\J\Xsfj £/7i/* ijTiyyZl (j/i< 
l^e>/£ (j^wXl Jjl &2bv 1^21 
i^y/ Cf > »/5.0wXi y :)(j/2l4l50^< 

J£-^ >Af£- 

~<^t\fJ^Jjfs)c^<L.!ytjj) 

?>tj s' 90°fj'iflsjt Ju/ivt^y 
-7yy(Jril<s^lw( -)bi 
S^fL 

~ *f " £ * 

(7" U/2 fe2^y *_£l ?(7 fiJyf'tjlj/dtijZ 
L^iSd? TVL/J^I (channel) Ji^2l 

Xj „»/()»&} 

y ?<£- Jlv^^b^^jjlP/jjf^bJt _7> 
f»//j? X X /bf 

U-*f J J>\* J) (jt Zl (Jj^U ^U 

?i£2i lii/Ji^i 

jXAf JwbX^by^J^ 14 
cT" ^ c^~ ^<21 ~y^-/j<2l(Jril 

?<£- 3 1 U* vj w U^l, 



\J~ ^ ' j * 

Zl V>‘ Ij^J/Zl ^ I «L _<£_fof 

* ( 

lbs iL Zl L-f&£ friS&j S 

-f- 

ki* 1^ I iy^ ( jW^J/Z 1 (Jz)£ X) 

/L±K /j\f<JI -^vl/j/jTl/ 

yZiu* -y^/^ 44 ^/^ 

Xz/tjXX (Ji>* 1 -CiuZsJfb)!} l/Jji) 

X )£j fjw 

sfjjz X jf t/iwi 

uT if ^ j£=- J/zl 


ife/ i4 jfe i£g£ i- ^>5 

-JZdytLr?' 

-^-\dcJ<tC*f. CL... ^[si£u> £ 





l/ft (Geodesic dome^jj 

'<L Jl£- 3>o U'l U Jc- 

bf ^ Geodesic dome 

-<c_ 

** i 

f k <c- Oil* <£- wjC 

-l£2£fejjl 

41 

jt % Zl ^>^Zl wjs: y (j 4_ /jj / £Ll^ 

Oyuj»£ -(2-J^)$uZ* 

-Al*15*il -\fal*fyt -(3-J^) 

Jkitf Zl ^ 4 ? ^ 

wjsrV fc* i<s^/ £_ tfe. 1 

Hwiwjsrj^? 

J^Zl^^/w -£c£ Ifi^ZlcAf 

-(4-J*)*i^£4K^/ 

-(5- $Zl ^xlc-si/*/} 
1*31 *Ll JjVc-slL^fi*£j 

** v * y 

-i/Jl^ijE«Zl^iZlJisZlil -51* 
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>J6 30 #£*6.2 a£ 

40 ## 7.5 B £ 

50 #£*1.2 C Jf 

if 4- 4^ £/J \e>\f Js% t (/» 

- tfx#£*30l„ ^ri 

-^><^40:41:35 fusgij# 

-(6 

-4, Jill^ltjClIf (Geode)i^f Jt^ 
^((Pentagons )(/^jL ( 

jjl J* - <4 fctf kslf (Hexagons) (JU"'* 

jf' xjff? jt \Jy^cL~ )J, Scfe f&l/ijj*** 

- L~ If-tf/r U’ki'ife Geodesic 

V ^ * 

l£<j-^/y .(7 

yw(/‘>w/^i_yLyiiyjCi «(8- 

-(9- 

-( 1 1 - J 0 ) &\*x W j/lJ>Jt .( 1 o 

4 — Geodesic dome 
BuckMinster (£/* 1^ If 

-4 t-U/Zl Fuller 
-4 (!*(/(/ (geode)ij^(j^J^(/c/^0 
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Jbijjii <j j^Jl) jt ^ (/i 

-z-ltflk (/ ^ Jr'X ( j 5-3 c^» 

vVti i C cylindrical) (3 ( v f 

f^te-J; _(l- J^)4^/ 

->r f>r T> <//£ ^r/ ^ (2- J 0 ) 

cA* _r^ 

(t^rojl d~ d f/f- 

/^l} 5 lbs* -)fj)> /£ i^Ac- t. if 

J? £ l bsJS -(3- J 0 ) Ux tf* 

-» &> \f [s *iy£ *C\ ^ i}f ^ ,_i ^ 

(t f£/j»\ <L/a / lbs 

(4-(J^)l/(^delivery valve^ 

(Ju (/(JjfVijtf lbs£ c^* 

l^lfli^lLyjl/c^^ -U 

i 

-^kl^ljiljti' v(/^ jlu>i£vJU'Y u -*£ 

» • ** * *f * 

J\^i Jy.jiAi ijfj/ fj&i^ t»iu<£ i/i 

~^~d ^ifiT 

if jf l^<£- d O^'if IbStZ- kjy (/ (Jr' 

^s^/C^jfC^ -£jt£ 
-^^LcAdp^-^lbs^ 
Ss.j£J$dKfcl]>5S<^b£<i—J& -(6 
££iS$6Ai J ii£dd Jfifi 

-if lbs 
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•* V ♦ * 

,£ k-7 1^ (}t Vjl (X- , «— Jl tSdfc\sL0 

? ** 



X c^J^- 4 --’ X suction valve 
>J^z^ \j\jy"y Jp 6/^ (J" 6c/t (Jl^j 

-(8 -JP) 

i}f -( 9 -<J^)«l^^ 

cf‘ wC» for j* Vil CXX S' 

** V t •• 

— ’^1— J t^ {j/** 


c/u^ 

suction valve 1 ^ 

*t — *» ♦ 

-(10- J 0 ) 


c/^i 110 suction valve/i 
c£/i]C -( 1 1- 

-5Kf|L 


(jX<£ ijC'O 

(Jl/^Pc^r o J’ 

?*s£&ru<#i£Ltf 
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Jly JjO <L k(J>y?(Jc/^ 

c^-ufo^A f^-f^iA' l $5y*‘jj\£tJsv 
^3 O^C ~^(J^lfl)k(jjfilj(J*lc4{ 

& $£uu>ij ) uy?JA f)jkfJ-4»iA/^ 

Lo£ 

&JC\ //,£ £ £>£ 

(j*^3 6V J> <-/'£- o£ 

cJUvj 4 Ox£jj» -c/^jf 4— 

4 Luj-'f— 4/ (J Uvj4 Jx£/jxlAy? 

(/‘ (jiC-JjIt— »/^<c- 4 4-^ 

4 -(3 - J 0 ) lT^ y tflVJ uf '-» / 

y LJ$-» jS$*jJ > f£— J\sJZ\/o^A» 
*? *•** ** " 

U?%4 Ul>J ijfbfjfy if Jl>/v *)/* 

Jj*l £ty if 'zfj ») ~f * -S 

[conservation of momentum) 

iA ^ Jj J* cT/^4 (A^y^L. 

<iJ^‘tf*'lJrJffij!' j -(4 

ku/iiJyi/jiijt/ 

-Ljf Ik Jjjrfjl/jP 




jy c/» £ u-CfU ^5 i/yrt 

t/vU <=_ i_ u*CiJ -c£ cU d 

A i/i/~U! & J if/'Ttrft US' 2 

if 1 J/'i/fiJ' Jsl {jt Jt^jy/ (cycle)- 

^suZdy‘j>£^CC t ^cfcyUL}sJj{. 

~ * * H? 

&ynS$ t/'-Q (/'-^ A 
yj lix 

J±fdy£}Lj>£zjf»JL\-^ 

<£-( )sJ > '/ijj'i)dv}J'tMlL{ji 

JP'))jy‘^}J’i£ t/ 6* UsA jy ii (i 

_(3. 

-5 £» c, j?&l 5,4,3 ,2, l J^/ 


j^Z/3^2,1 J 0 Jfr6xU$k. 

♦ < y 

tf £-\ts d?' -( 5 -J^) 

J\s<L?>j;f j>\2tff h. J’lff Ji'it'C- 
~&ytf.{J%{S% 6-jAsL-^b 
^4-^5 ^14 £ 

“ tf M 

jfs oh d 1 <-/,<-/»} J)\ 

£y*f 




f : £ t til 

^0^(2)^^/^ k-sl/. 

-tlf/^" $/Cj U — t ‘ijx( 4 '\j > ‘~ t y- 

f<k Ji ^/300 (D ^^&iZlif;; 
Jf £ 60 

(dinasaur) iJ\sj>f 27 > 

9 l&jl tfiJ)jj\pjb{J^£. {J^'jjJ'l (4) 

(2)JxcLj^jblMl):£&!kdlE 

6* (4)1 Jf (3) J>f 

-/ 

Z-l /" / $ (\ ) : y£ (,])> 
.»6<yV(3) c£ 2-\/& <J%? (2 )c/? 

i-fi L~\Jj / J$ ^ {j^sj) 

t/lj j J 




fjj? y \fJS&>A 

£/ t ts ^<L-}\s bf/L- i/I ‘<1~ 

£_ J>? ^jb i/lyj/^ijZ ifl~/ 

20x10 

w>y* y/li iS wf -( 1 

6^ J U'lfuv^‘r~ £- J^Jil ( 2 - ) 

UtiJr^y.lyAZ/J^^aL ~)jy*U?c/l) 
Sl)^i iS^Us’ti -(3 -(J^)ijy 

\Jy**jS jy*jt i}Ij%js i/jSg~ )j> 

jC\/\^ja ^ cC^4f !/ 
S&’JityZft ~(5’J*)1biJ*t/j'Js 
Jit -(6-J^)wv^ifcC>*iy0^c^^ 

a&f/.j’Jftf ljy t £-jflc-LjJ'Ajle»f 

I If Y * V 

-(/* d* 4? J^ 4 0 

t f fcKfiU. (j“i^> 

(/ c'I'l- fcJ i_ -<f- 

7 t 
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'W'S* 



UUcfi 

JL'SclJ ' 

j/j/vW Lcf(J^yljvU’Jw-Cl<z_ L-f& 

-£u^J/£AuSi 

c-(t— /,£\J\ -yJoJUdCiJ^lr 

>/U I U <=- Uj’d'jtf/ y ijjjj/^ 
tfk iJ Cl jt jjSjjT \Ji _( 1 -J^ fj\ jy' 

6v\fcfu>/uk££t -(2 -JP)» h 
U yuJ»££ 

-(3-J^Wi-c. 

-Ai? J/ jtf &MJ4 1 o 

y j\j*y \i4 c~ f c~/ jy £ j\ 

j^irf/jbv^j: _( 4 -j^> 

~(5-J^)v 

£(f £'?/'-$ t fr &A^->J<J<j£ 

-(l-JPy> Iktyf^.jJ’ljjSvMZ^j } 

IH Jt 4-/. L^t ZL £ £ fM 

V 

£g-£\)*i£ L £ bdlfi: -( 8 -J^)» 

Jt £ <~j\& * .</ *_f ,/&* 

(perisitence of vision) 

£ £lf LJh <£</ <L 

-C# 2±-j<£)'££y)\$j4 
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'Jcfjfo if yiJ if^Sd iffi? 

-ja 

i- fL / 7 (Jf- jt Jd 

/ -jf (/-> </ \S^6tk JJ ^ 
Luf w^y (^2-1/ 

£ i/j/Juj ^ i/y^Ji^ fcgA a 
t A)i^/£A^X-uj ~£f£'L 
u Jjs 2lJ> tL ljS) ijt i o- 

£ S^s. L ^ r :f3 tf4s£j t 
J/LiU^y^y^ -(ll-J^)jjL-^t^ 
J^J4l^lry)( 12-J^)l$J(jl^l<^/* 

t>Cbs y <^y 
jilfiJr^ijy' t-^fj 

» • i 

4- c/ Jy^'c^ ly C^lf 

WJuyX 


20 



fSf 

Su*l> if' -f 1 

JsJsC&jjf* 1 / ji\ /j:^/ 

u~ Ja &Si (fu L. r/Ji£ 

c~ (f\ ~S'^-"i/ > 

ijii .Jji ~yi ^ $f\ \/ 

Uj isy^iS tjC< i jt (/• ilk ^C^SiJ 1 / 3 ^ 
tTuv^w» -yt (ji y j/*, Ji 

Si£L \$'jzf\jf*£- ^if 

i /• -( l - JP^vSi/bx e— j & ij£ 'f/ 
i,Jj f ^ JtU" £/^y 

- tyly^Liils -(2 -(/) 

Cl* -i*/jL 

• /,( l 5 * ^ U*/*^ 

-(4 )>? (jv>*i £r iji 

~xl&iJ f 'ijif[%ULllst£lj)>f£. jCi 








, / ** 


U)s£~$ Jif (3 lc^uT(3^(J~c^ 

-£-dl f.ycy\ji)> 

(.T i^li ijb ill {jt ijf^v 

J-k 

• ? V ** 

<L .K/ > UO j i )j) s & l£r JiJ iJjlZl 

_(i- J^)jyfi 

-i& 

Jr 

?f- if iJj i/ ( -(3-J^) 

-J^)* 2^/Jb>i /ru^ £ i/i 

-(4 

^ </*«/ JJ<Vi <£ cT^ 

-(5-J^)£_u T^JJ Tc/^vy rj*vi 
uf V% Ji 
Jf ~>f\)£sl -(6-J 0 ) 

7 -J^-/l -s£)i-y'L~si2Lj ! f[/f 
(jUjyY 8-<J^ c- c/*>4i iyj 1/ 

•* ** V 

Uvy t^li T l/ 

7 -J^U4J ?f- 

12^ 1 1 <10‘9-J^ZU 






4*2 fr (X j* 13 . 

- (jl- ^ < j ij/'vj) i fjjfj— 

f -yCyi3-J^iy^>uty: 

^CiAd^ -£-di if i-Sijf 1^/’ 

j‘ jlStJI ~Jt 

J \£fjfcf JI j£ 

_yy 

ijC)(j^ \J$ i J*J'iyi \Ji > L~ { 
\j£\ 'jt ImCi ij£ JtJ)f {}yl ij'li flZitlf 

U$j j* ^(J^U^iifc^ UflfC^d./ -Jtf 

-&jiJ !t \$2L/J'ii)ji\ 
J/L» ^ $/<£ w t jf \J}\f£jj 

c/'ll f Ctflf J Ci/; l^c/l_y/ 

\fj& jfyi 
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